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ABSTRACT

Thepaperprovidesanoverviewandacomparisonofseveraltoolsforvisualizationofphysicalsimulations.
Weconcentrateonnewvisualizationtoolsa ndarchitecturesthathavebeendevelopedduringlastyears
(VRToolBox,VRML+Java,etc.).Classificationoftheseapproachesispresentedtogetherwithpractical
examplesincludingauthors’subjectiveopinion.Thisoverviewhasbeenpreparedwithrespect to
visualizationinthree -dimensionalvirtualenvironments.
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1 INTRODUCTION

Simulationprogramsandtoolsoftenoffer
visualizationofvariousparts –schemes,graphs,
models,etc.When simulatingphysicalprocessesand
physicalobjects,thevisualizationperformedin
three-dimensionalspace(3D)helpstobetter
understandvarioussimulatedphenomena.Inmany
cases,thesimulationrunsinrealtime,thusthereal
timepresentationin3Di srequired,too.Herewecan
seethetightrelationbetweensimulationandvirtual
realitysystems.

2 TOOLSFORVISUALIZAT IONAND
SIMULATION

Simulationisaresearchmethod[Kinde80]basedon
replacingadynamicsystembyasimulatorwiththe
behaviorequ ivalenttotheoriginalsystem.
Experimentsexecutedonsuchsimulatorshould
bringnew  informationabouttheexaminedsystemto
users.Severalspecificlanguagesforsimulationhave
beendeveloped.Someofthemarespecializedto
specificpurposes,while theothersareforgeneral
use.Evenuniversalprogramminglanguageslike
JavaorCcanbeusedforthedescriptionof
a simulationprocess,althoughthisusuallyrepresents
acomplexanddifficulttask.

Thefollowingtextcontainsalistofselected
toolsandprograms.Theyhavebeenchosenby
commercialversionavailability(freeware,low
prices,licencesatouruniversity).

MATLAB [MATLA]integratesmathematical
computing,visualization,andapowerfullanguage
providinga  flexibleenvironmentfortech nical
computing.Theopenarchitecturemakesiteasyto
useMatLabanditscompanionproductstoexplore
data,createalgorithmsandspecializedcustomtools.

SIMULINK [SIMUL]isaninteractivetoolfor
modeling,simulatingandanalyzingdynamic
systems.Itenablestobuildgraphicalblock
diagrams,evaluatesystemperformanceandrefine
thedesign.SIMULINKhasbeendeveloped
simultaneouslywithMATLAB.

TheVirtualRealityToolbox [ToolB]extendsthe
capabilitiesofMATLABandSIMULINKintothe
virtualreality.UtilizingstandardVRMLtechnology,
itrepresentsanopensolutionforrenderinganimated
3DscenesdrivenfromtheMATLAB/SIMULINK
environment.Resultsofthesimulationcanbe
observedinvirtualreality.TheVirtualReality
Toolboxinterconnec tsMATLABandSIMULINK
witharbitrarybrowserconformedtotheISOVRML
specification[VRML].

TheVirtualRealityModelingLanguage (VRML)
isanISOstandard[VRML]forthedescriptionof3D
interactivescenes.Aplatform -independenttextual
formatallows notonlydefine3Dobjects,butalso
dynamicallychangetheirpropertiesusingevent
sendingandprocessing.TheVRMLiswidely
acceptedforpresentation,visualizationand
simulationpurposes.TheVRMLbrowsersare
availableonmanycomputingplatforms.
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Astandardizedprogramminginterface
calledEAI[Exter]servesforcommunication
betweena  VRMLsceneandotherprograms.The
virtualscenecanbecontrolledviaexternalprograms
orappletsinthecaseofwebbrowserho stingthe
VRMLbrowser.Atypicalwebapplicationconsists
ofVRMLbrowserwindowandadditionalcontrolsin
Javaapplet.

3 INTERFACEBETWEENSI MULATION
ANDVISUALIZATIONPA RTS

Thevisualizationpartusuallycontainsvirtual
modelsthatarecontrolledbyv aluesprovidedbythe
simulationpart.Thesevaluesaresentthroughdata
channels(seeFig.2).Datasentfromsimulationpart
representcomputedvalues(variablesv1,v2,andv3
inFig.  2),whiledatareceivedfromthevisualization
parttypicallyrepres entafeedbackfromsensors
(variablesv4andv5inFig.  2).
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Channelimplementedusingsharedvariables
Figure3

Thechannelcanb eimplementedinvarious
ways,e.g.bymeansofsharedvariables(seeFig.  3),
oranetwork(seeFig.  4).Weproposethefollowing
parametersthatcharacterizethetypeof
interconnectionbetweenbothsystemparts: 

Numberofvisualizationchannels(VC)  –
representsquantityofvariablesthatarevisualized
andthatcontrolthevisualizationprocess.Itis
supposedthatonechannelexistsforeachvariable.

Numberofsensorchannels(SC) –represents
quantityofvariablesreceivedbysimulationpart.
Thesevariablesaregeneratedbysensorsorcontrol
elementsinthevisualizationpart.

Numberofsamplespersecond(NS)  –represents
numberofvaluesthataresent/receivedbythe
simulationsystemto/fromvisualizationpart.

Synchronousvs.Asynchronousc ommunication
(SY/AS). Synchronousmethodofcommunicationis
basedonsendingvaluesinregulartimeinstances;if
thechannelusesnetworkprotocol,itismore
efficienttocumulatethedataintoonepacket.When
workingasynchronously,a  simulationsyste msends
valuesonlywhentheyarechanged.Thenthe
parameter NSisdeterminedastheaveragevalue.

Signaldelay(SD) – atimeperiodbetweensending
andreceivingspecificvalue.

Visualizationprecision(VP). Ifthevisualization
processishighlycomp utationaldemanding,
the wholesystemmaynotbeabletopresentdata
changesinrealtime.Twosolutionsareathand:
eithertheentiresimulationissloweddown( Full
visualization)orthesimulationstillrunsinreal -time,
butsomechangesareskipped ( Fragmentary
visualization).
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Channelimplementedusingnetworkprotocol
Figure4

4 LANGUAGESFORSIMULA TIONAND
VISUALIZATION

Wesuggesttodivideprogramminglanguagesinto
thefollowingthreecategories:

Graphiclanguages( GRA)likeOpenGLorVRML
areusedfordatavisualizationveryoften.Such
languagescontainspecialgraphicfunctions
(NURBS,etc.).Theyalsoutilizefunctionsforuser
interactionwithuserinterface(sensors,control
elements,etc.).Thistypeoflangua gesusually
requiressupportfromgeneral -purposelanguages.

Simulationlanguages(SIM) likeSIMULINK,
Simula,orMATLABareusedforsimulationof
dynamicsystems.Theselanguagesincludespecial
simulationfunctions(processmanagement,event
processing,mathematical,memorymanagement
instructions,etc.).General -purposelanguages
usuallyimplementthistypeoflanguages.

General-purposelanguages(GEN) likeC,C++,
Java,orPascalareusedforgeneralprogramming.
Theselanguagesusuallysupportsimpl egraphics
elements(line,rectangle,etc.).Languagestructure
cansupportmulti -processenvironments(Java).

Thisclassificationisquitegeneraland
a littlesimplified,butadequateforourpurposes;this
willbecomeclearinthenextsection.

5 ARCHITECTURESFOR
VISUALIZATIONOFSIM ULATION

Thissectiondescribesvariousvisualization
architectures.Thefirstnameinthefollowingtitles
determineslanguagethatdescribesthesimulation.
Thesecondnamedetermineslanguageusedforthe
visualization. Itshouldbestressedthatpure
simulationlanguagesarenotusedforthe
visualizationitself,thustheabbreviationSIMnever
appearsasthenameinrightpartofthefollowing
titles.Similarly,graphicslanguagesarenotsuitable
fortheimplementation ofsimulationengine(except
VRML).ThatiswhythecombinationGRA –GEN
isalsonotusedinthefollowingclassification.

Eachofthefollowingparagraphscontains
a shortdescription,mainadvantagesand
disadvantagesandfinallyanexampleofatypic al
softwaretoolthatusesspecifiedarchitecture.

SIM –GEN :Sincethesimulationlanguagehasto
communicatewiththevisualizationpart,asortof
interfacefunctionsshouldbeanintegralpartofthe
simulationlanguage(seeFig.  5).Suchaninterfac e
shouldbegeneralenoughtosupportgeneral
programminglanguages.Thedatainterchangecan
Visualizationenvironment
Interface
Simulationenvironment
Interface


Generalvisualizationandsimulationarchitecture
Figure5

bebasedbothonsharedvariablesandnetwork
protocolslikeTCP/IPo rIPX/IP.Themain
advantagesare:Firstly,goodsupportforsimulation.
Secondly,thesimulationandvisualizationprocesses
canbeperformedondifferentcomputers;inthat
casetheydonotinfluencetheirloads.Therearealso
somedisadvantages:Anint erfaceanddataexchange
betweenbothpartsisrequired.Anotherdisadvantage
isthatwhenusingtwocomputersforbothparts,
communicationdelaycanoccur.Finally,the
graphicsoutputismostlylimitedtotheuseofbasic
primitiveslikelines,rectangl esandothersimple
graphicelements.Advanced3Dgraphicswith
lightingandtexturingisveryrare.Typicalexample
ofthisarchitectureisMATLAB.

SIM –GRA: Thiscombinationseemstobeoptimal.
Bothsimulationandvisualizationpartare
implementedus inglanguagesthatarespecifictothe
targetsubsystem.Weseetwomainadvantages:The
firstisagoodsupportforsimulationand
visualization.Secondly,thesimulationand
visualizationprocessescanbeperformedon
differentcomputers.Wecanalsofin dsome
disadvantages:Interfaceanddataexchangebetween
bothparts(bothlanguageshavetoimplement
a communicationinterface).Finally,possible
communicationdelaywhenusingtwocomputers
runninginparallel.Typicalexampleofthis
architectureisa  combinationofMATLAB,VR
ToolBoxandVRML(seeFig.6).Thesimulation
languagehereisSIMULINK,thelayerbetween
simulationandvisualizationisimplementedusing
VRToolBoxandEAIforVRML.Similarapproach
isusedinapplicationslikeWorldToolKit.
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JavawithEAIandMATLABwithVRToolBox
Figure6
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JavawithEAIandexternalprogramminglanguage
Figure7

GEN –GEN: Theuseofgenerallanguagesforboth
partsisa  compromisebetweensimulati onand
visualizationrequirements.Thisarchitecturehasone
mainadvantage:sincebothpartsareimplemented
usingthesameprogramminglanguage,the
communicationanddataexchangeisstraightforward
withoutanyadditionaloverhead.Therearealso
somed isadvantages:poorsupportforsimulation(the
mathematicalpossibilitiesandprocessmanagement
areverylimited).Generallanguagesrequire
experiencedprogrammers,becauseimplementation
usuallyutilizesspecialmethodsanddatastructures.
Wecanfind suchapproachinspecialsimulation
applicationssuchas  [Linds].

GEN –GRA :Thisarchitectureissuitableforthe
higherrequirementsonvisualization.Advanced3D
graphicswithcomplexgeometricalshapes,lighting
andtexturingisavailable.Soundande venother
mediacanenrichthevisualpresentation.This
architecturehasthreemainadvantages.Firstly,good
supportforvisualization.Secondly,ifbothpartsare
implementedusingthesameprogramminglanguage,
thecommunicationanddataexchangeis
straightforwardwithoutanyadditionaloverhead(C
andOpenGL).Andfinally,thesimulationand
visualizationprocessescanbeperformedon
differentcomputers.Thedisadvantagesare:poor
supportforsimulation(themathematicalpossibilities
andprocessma nagementarelimited);ifbothparts
areimplementedwithdifferentprogramming
languages,thesamedisadvantagesapplyasinSIM –
GRAparagraph.Typicalexampleisourproject
Nautilus[Chlud01].Itisanexperimentalsystemfor
teachingandtestingyacht captains.Thesimulation
andvirtualenvironmenthasbeenbuiltusingVRML
andJava.Theimplementedtrainingsystemutilizes
webenvironmentwherethevirtualseaandvarious
kindsofshipsarepresentedinVRMLwindow,
whilethemovementofshipsandthe irbehaviorare
controlledbyaJavaapplet.

GRA –GRA: Theimplementationofsimulation
usinggraphiclanguagesisveryunusualbutitis
possibleinsimplecases.Itistruemainlyfor
languagesdescribingvirtualrealitylikeVRML.This
architectureha stwomainadvantages.Firstly,good
supportforvisualization.Secondly,VRMLhas
eventsystemwithtime -stampssupporting
simulation.Maindisadvantagesare:itissuitable
mainlyforsimpleproblems;supportfor
mathematicalfunctionsispoor.Typicale xamplesof
thisarchitecturearevariousVRMLworlds[Paral].

6 CONCLUSION

Parameterscharacterizingthetypeofinterconnection
betweenvisualizationandsimulationsystemparts
havebeendescribedinthispaper.Theseparameters
areusefulforcomparing varioussystem
architectures,theircapabilities,extensionsetc.

Selectedvisualizationarchitectureshave
beenpresented.Comparingadvantagesand
disadvantagesoftheparticulararchitecturesonecan
choosethearchitecturethatissuitableforthe
specificpurpose,i.e.thatgivesthebestresultsand
providesoptimumperformance.
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